Introduction
============

Cytomegalovirus (CMV), also known as human herpesvirus-5 (HHV-5), is a double-stranded DNA virus that belongs to the Herpesviridae family. Like other herpesviruses, the CMV produces a latent infection that persists throughout the person\'s life after the first infection ([@b1-etm-0-0-8945]). The weakened immune system response may allow the reactivation of the latent virus in immunized patients ([@b2-etm-0-0-8945]). It can occur through iatrogenic immunosuppression (anti-rejection therapy, corticosteroid therapy) or pathologies (HIV, malignancy). Primary infection or the reactivation of a latent infection during pregnancy may lead to fetal infection and the congenital CMV syndrome. Most maternal primary infections are asymptomatic in immunocompetent women, but in some cases, the clinical picture includes symptoms similar to mononucleosis, characterized by fever, pharyngitis, lymphadenopathy, and polyarthritis ([@b3-etm-0-0-8945]). In the case of viral reactivation, the clinical picture is usually even more blurred.

Most CMV congenitally infected newborns are asymptomatic, with only 10% of cases being symptomatic ([@b4-etm-0-0-8945],[@b5-etm-0-0-8945]). The typical clinical symptoms in congenitally infected infants are petechiae (76%), jaundice (67%), hepatosplenomegaly (60%), microcephaly (53%), intrauterine growth retardation (50%), chorioretinitis and optic atrophy (20%) ([@b6-etm-0-0-8945]).

CMV infection is the most common congenital infection worldwide, and remains a significant cause of the neurological deficiency and sensory deafness in developed countries ([@b7-etm-0-0-8945],[@b8-etm-0-0-8945]). The prevalence at birth varied between 0% in some studies in Egypt (1993) or Thailand (1979), and 6.2% in the United States (1984) ([@b4-etm-0-0-8945]). Another report in Gambia shows a prevalence of 13.6%, well above that reported in other studies; therefore, it is regarded cautiously ([@b4-etm-0-0-8945]). The global estimation of congenital CMV infection is 0.3-0.7% of all live births. The risk of maternal-fetal transmission is considered higher in seronegative pregnant women who acquire the primary infection during pregnancy ([@b4-etm-0-0-8945],[@b9-etm-0-0-8945]). Approximately 30% of primary infections during pregnancy led to a fetal CMV transmission, and \~13% of them cause symptomatic congenital CMV syndrome ([@b9-etm-0-0-8945]). Therefore, populations with increased CMV seroprevalence may have lower rates of symptomatic congenital infection ([@b9-etm-0-0-8945]). The infection vertical transmission rate varies with gestational age at the time of the primary maternal infection: 8.8% in the pre-conceptional period, 30.6% in the first trimester, 34.1% in the 2nd trimester and 40% in the 3rd trimester ([@b10-etm-0-0-8945]).

Children with congenital infection after primary maternal infection contracted in the first trimester are more prone to sequelae of the central nervous system than the mothers who contracted the primary infection later in the pregnancy ([@b11-etm-0-0-8945]).

The global CMV seroprevalence among women of reproductive age is around 86%, with regional variations between 70% in Europe and 92% in the Eastern Mediterranean region ([@b12-etm-0-0-8945]). Usually, the seroprevalence is higher among people with low socioeconomic status. Among women of reproductive age in European countries, the highest CMV seroprevalence is estimated to be in Turkey, with an average of 96% and the lowest in Ireland, with an average of 39% ([@b12-etm-0-0-8945],[@b13-etm-0-0-8945]).

This study analyzed the CMV seroprevalence according to the demographic features of pregnant women in Romania as well as the evolution of CMV immunity in two intervals: 2008-2010 and 2015-2018.

Patients and methods
====================

### Study design, patients, and settings

A retrospective study was performed on 8,951 pregnant women in the western part of Romania during two successive time intervals: 2008-2010 (1,466 pregnant women tested at the Emergency Clinical City Hospital Timişoara) and 2015-2018 (7,485 pregnant women tested at SC Bioclinica srl, Timisoara, Romania). Patients were enrolled according to a consecutive-case population base. The IgG anti-CMV antibodies were determined in all pregnant women. Also, data on the year of birth, age at blood sampling, and area of residence (urban, rural) were collected and analyzed.

### Serological testing

The IgG anti-CMV antibody titer was determined by the immune-chemiluminescence method using an Immulite One Machine for the interval 2008-2010, and respectively, Immulite 2000 Machine (Diagnostic Products Corporation) for the interval 2015-2018 and commercial tests (Siemens Healthcare Diagnostics Products). Depending on the cut-off values recommended by the manufacturer, the patients were classified into two categories: those with a positive titer of IgG antibodies (immunized) and those with negative or inconclusive titer (non-immunized). For statistical analysis, cases with inconclusive results were considered in combination with non-immunized cases, due to the uncertainty of immunization.

### Statistical methods

The data were stored in the Astralia database and Microsoft Office Excel. For the statistical evaluation, the Instat GraphPad Prism 8.0.2 software was used. The results are presented as medians \[interquartile ranges\]. To assess the significance of the differences between groups Mann-Whitney U test and, respectively, Fisher\'s exact tests (proportions) were used. Correlations were calculated according to the Spearman rank correlation test and the corresponding P-values determined.

### Ethical issues

The present study was approved by the Institutional Board of the 'Victor Babes' University of Medicine and Pharmacy (Timisoara, Romania) (approval no. 848/06.04.2011). The study meets the ethical guidelines, including adherence to the legal requirements of the study country. Informed consent was obtained from each patient.

Results
=======

The study included 8,951 patients divided into two groups, according to the testing period: group one, 1,466 pregnant women tested between 2008-2010; and group two, 7,485 pregnant women examined between 2015-2018.

### Demographic data of the study participants

Pregnant women in the first group were younger at the time of sampling as compared with the pregnant women in the second group: 28 years \[6\] vs. 29 years \[7\] years, P\<0.0001.

The area of residence of the first group patients (1,466) was urban for 1,054 (71.90%), rural for 407 (27.76%) and not specified for 5 (0.34%) cases, while out of the (7,485) women in the second group 3,570 (47.69%) originated from urban areas, 1,930 (25.78%) from rural areas and 1,985 (26.51%) did not specify their origin.

Excluding the cases with not specified origin, the age analysis of the tested patients according to the residence area showed a lower percentage of young pregnant women in urban than in rural areas for both groups. This structure has reversed with increasing age, showing that pregnant women from the urban setting predominate from 26-30 years of age ([Table I](#tI-etm-0-0-8945){ref-type="table"}).

### CMV seroprevalence trends in the two evaluated intervals: 2008-2010 vs 2015-2018

The CMV seropositivity of pregnant women decreased significantly from 2008-2010 to 2015-2018 from 94.68% (1388/1466) to 91.80% (6871/7485) (P\<0.0001; OR=0.62; 95% CI, 1.252-2.027).

The stratification of pregnant women in the first group according to the area of residence showed no significant difference for the CMV seroprevalence: urban vs. rural \[94.5% (n=996/1054) vs. 95.33% (n=388/407) (OR=0.8409; P=0.602; 95% CI, 0.4966-1.423)\], while in the second group, a significantly lower seroprevalence was found in the urban area \[89.08% (n=3180/3570) vs. 94.92% (n=1832/1930) (OR=0.4362; P\<0.0001; 95% CI, 0.3473-0.5461)\] ([Table II](#tII-etm-0-0-8945){ref-type="table"}).

The CMV seroprevalence of the pregnant women tested in the two periods (2008-2010 vs. 2015-2018) showed a decrease in the urban area: 94.50% (n=996/1054) vs. 89.08% (n=3180/3570) (P\<0.0001; OR=0.474; 95% CI, 0.358-0.627). A slight decreasing trend was also observed in the rural area, but it was not significant 95.33% (n=388/407) vs. 94.92% (n=1832/1930) (P=0.803; OR=0.915; 95% CI, 0.547-1.486) ([Table II](#tII-etm-0-0-8945){ref-type="table"}).

In the urban areas there was a decreasing tendency of seroprevalence with age ([Table III](#tIII-etm-0-0-8945){ref-type="table"}), but this difference was not significant: r=-0.1780; 95% CI, -0.5252-0.2200; P=0.364 (2008-2010), and r=-0.2523; 95% CI, -0.5598-0.1163; P=0.163 (2015-2018).

We found in the rural areas an increasing, but non-significant trend, of CMV seroprevalence with age in both groups ([Table IV](#tIV-etm-0-0-8945){ref-type="table"}): 2008-2010 (r=0.3049; P=0.157; 95% CI, -0.1355-0.6447) and, respectively, 2015-2018 (r=0.1737; P=0.341; 95% CI, -0.1967-0.5006).

Discussion
==========

Our study showed that most women aged \<20 years are from a rural environment. The World Health Organization (WHO) estimates that 21 million women aged less than 19 years from all over the world become pregnant in developing regions, of whom 12 million give birth. According to the 2014 World Health Statistics, the global average of births in women aged 15-19 years is 49/1000 women ([@b14-etm-0-0-8945]). In 2014 Romania was placed second in the European Union statistics in terms of births of women aged less than 19 years, with a rate of 39.2‰ ([@b15-etm-0-0-8945]).

In a study conducted in Romania, from 2003 to 2013, 68.72% of 1643 teenagers who gave birth, originated from a rural environment ([@b15-etm-0-0-8945]). Furthermore, another study on 1,249 teenagers in the period 2010-2014, showed that the number of teenage births, in the rural environment is 3-10 times higher compared with the urban environment ([@b16-etm-0-0-8945]).

WHO notes that teenage pregnancies (\<19 years) are a global problem in all countries, including those economically developed. However, they are more likely to occur in marginalized, poor communities with a low-level education system, or lack of employment opportunities. Also, young women from low socioeconomic backgrounds, who want to avoid pregnancy, cannot do so due to knowledge gaps and low availability of contraceptive methods. The WHO also notes that in some communities with low socio-economic status, women marry earlier, estimating that \~39% of them marry before reaching 18 years of age in developing countries.

The CMV seroprevalence in our area in 2010 was over 94%. That indicates an increased seroprevalence of CMV infection in Romania compared with that found in the developed countries from the European Union (\~40-70%). Compared with other non-European countries, the seroprevalence of CMV infection in reproductive age women was estimated between 60-70% in Australia, while in United States the statistics indicate a prevalence of \~60% ([@b12-etm-0-0-8945]).

In pregnant women tested from 2015 to 2018, the CMV seroprevalence was 91.80%, showing a decreasing tendency compared with the period 2008-2010, but exceeding the global average of 86% and the European average of 70%. The seroprevalence in our area was comparable with the prevalence found in the Eastern Mediterranean countries, where the seroprevalence average was 92% ([@b12-etm-0-0-8945]). In Croatia, in the years 2005-2009, the women of reproductive age had a CMV seroprevalence of 75.3% while between the period 2013-2015 this indicator reached 78% ([@b17-etm-0-0-8945],[@b18-etm-0-0-8945]). These studies showed an increase in seroprevalence over the years contrary to the results obtained in our study.

CMV seroprevalence assessment may be useful in establishing principles for screening and educating pregnant women. We have identified several screening guidelines for CMV during pregnancy. However, certain guidelines do not recommend routine CMV testing during pregnancy in research settings ([@b19-etm-0-0-8945]).

In this study, it was observed that the CMV seroprevalence is lower in the urban areas than in the rural areas (P=0.803; OR=1.092; 95%CI, 0.6729-1.826) and the decreasing tendency during the two intervals is more pronounced in the urban environment (P\<0.0001; OR=2.106; 95% CI, 1,593-2,789). This evolution may be due to socioeconomic conditions, better hygiene standards in the urban environment, and higher educational level compared with rural areas. Several global studies showed a difference in CMV seroprevalence from 10-30% in people with low socioeconomic status compared with those with high socioeconomic status ([@b13-etm-0-0-8945]).

CMV seroprevalence is associated in several studies with maternal age. For example, seroprevalence increases with maternal age in all 32 studies reviewed by Cannon *et al* ([@b13-etm-0-0-8945]). In the present study, there was no significant association between maternal age and seroprevalence. However, we observed a lower CMV seroprevalence in the group of women aged 26-35 years tested 2015-2018 in the urban areas. Similarly, three recent studies have reported the lowest seroprevalence in women aged 30-35 years ([@b22-etm-0-0-8945]), 25-35 years ([@b23-etm-0-0-8945]), and 31-35 years ([@b24-etm-0-0-8945]). Some authors of these studies have speculated that an increased seroprevalence in young women can be attributed to socioeconomic status. Similar to our results, in a study from Italy on 2817 pregnant women, no significant difference in seroprevalence was found between age groups ([@b25-etm-0-0-8945]).

In conclusion, the CMV seroprevalence in women of reproductive age in Western Romania decreased in the last decade from 94.6 to 91.80% and was higher in women from rural areas compared with those from urban areas. These results show that Timisoara region has a low-risk profile for primary CMV infection during pregnancy due to a large number of seropositive women. However, this risk has increased in the last decade, from 5.4 to 8.2%, which may show the need to implement a national screening program.
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###### 

Distribution of pregnant women according to age and area of residence.

  Area of residence   \<20 years    21-25 years    26-30 years      31-35 years      \>35 years     Total
  ------------------- ------------- -------------- ---------------- ---------------- -------------- ----------------
  2008-2010                                                                                         1,461
  Urban               18 (1.71%)    231 (21.92%)   483 (45.83%)     242 (22.96%)     80 (7.59%)     1,054 (72.14%)
  Rural               40 (9.83%)    129 (31.70%)   169 (41.52%)     54 (13.27%)      15 (3.69%)     407 (27.85%)
  Odds ratio          0.168         0.604          1.191            1.948            2.146           
  P-value             \<0.0001      \<0.0001       0.142            \<0.0001         0.006           
  2015-2018                                                                                         5,500
  Urban               91 (2.55%)    526 (14.73%)   1,331 (37.28%)   1,057 (29.61%)   565 (15.83%)   3,570 (64.90%)
  Rural               185 (9.59%)   509 (26.37%)   651 (33.73%)     391 (20.26%)     194 (10.05%)   1,930 (35.10%)
  Odds ratio          0.246         0.482          1.168            1.664            1.682           
  P-value             \<0.0001      \<0.0001       0.008            \<0.0001         \<0.0001        

###### 

Cytomegalovirus (CMV) seroprevalence according to area of residence and testing interval.

              CMV IgG                                       
  ----------- ---------------------- ---------------------- ----------
  2008-2010   94.50% (n=996/1054)    95.33% (n=388/407)     0.602
  2015-2018   89.08% (n=3180/3570)   94.92% (n=1832/1930)   \<0.0001
  P-value     \<0.0001               0.803                   

###### 

Cytomegalovirus (CMV) seroprevalence by age groups in urban area in 2008-2010 and 2015-2018.

          2008-2010   2015-2018                            
  ------- ----------- ----------- -------- ------- ------- -------
  \<20    18          18          100.00   91      84      92.31
  21-25   231         216         93.51    526     479     91.06
  26-30   483         455         94.20    1,331   1,171   87.98
  31-35   242         232         95.87    1,057   934     88.36
  \>35    80          75          93.75    565     512     90.62

###### 

Cytomegalovirus (CMV) seroprevalence by age groups in the rural area in 2008-2010 and 2015-2018.

          2008-2010   2015-2018                        
  ------- ----------- ----------- -------- ----- ----- -------
  \<20    40          37          92.50    185   175   94.59
  21-25   129         124         96.12    509   483   94.89
  26-30   169         160         94.67    651   615   94.47
  31-35   54          52          96.30    391   374   95.65
  \>35    15          15          100.00   194   185   95.36
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